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C BY-NC-Abstract Mimosa tenuiﬂora extract has been used in food industry as an additive and in textile and
leather industry as a colorant. Two types of fabrics, ready to be dyed white and indigo dyed fabrics,
were dyed with M. tenuiﬂora extract. The fabrics were mordanted after dyeing with six different
metal salts. Colorimetric evaluations of fabrics were carried out by spectrophotometer. Colour fast-
ness to washing, rubbing and light were performed. Colour strength of fabrics was calculated from
Kubelka–Munk formula. Highest vividness (C*) values were obtained by Ni mordant. Moderate
fastness values were observed. However poor wet rubbing fastness values were observed in the case
of indigo dyed fabrics due to lack of good wet rubbing fastness of indigo itself.
ª 2011 King Saud University. Production and hosting by Elsevier B.V.Open access under CC BY-NC-ND license.1. Introduction
Natural dyes have been used by human beings since Stone Age
to the end of the 19th century. Especially during ancient times,
natural dyes were valuable as gold. In ancient Egyptian cune-
iform texts the process of natural dyeing is described. However
owing to the development of synthetic dyes in the early 20th90 2324127717; fax: +90
u.tr (G. Erkan).
y. Production and hosting by
Saud University.
lsevier
ND license.century, natural dyes had been used sparringly (Teli et al.,
2000).
Recently, there is a growing interest in natural dyes by
researchers due to their bio-degradability, higher compatibility
and sustainability. Natural dyes are obtained from renewable
sources such as crops, insects and so forth, and this may de-
crease the dependence on the petrochemical sources. Canadian
golden rod plant (Bechtold et al.,2003, 2007a), barberry, mad-
der, hollyhock, privet, walnut, sticky alder tree (Bechtold et al.,
2003), ash tree (Bechtold et al., 2003, 2007b), Hibiscus mutabi-
lis (Shanker and Vankar, 2007), Rubia cordifolia (Vankar et al.,
2008), Terminalia arjuna, Punica granatum, Rheum emodi
(Vankar et al., 2007), Coffea arabica L. (Lee, 2007), Garcinia
mangostana L. (Chairat et al., 2007) and Rhizoma coptidis
(Ke et al., 2006) plants were used as natural dyes for silk, wool
and cotton fabrics with different mordants.
Classical blue or dark blue denim fabrics, which are dyed
with indigo, have some characteristic peculiarities such as
low washing fastness and rubbing fastness, and moderate light
fastness. Thus many fashion effects can be fulﬁlled by chemical
and physical treatments such as laser, brushing treatment,
Figure 2 Binding mechanism ofM. tenuiﬂora extract to cellulose
macromolecule by means of metal salt.
140 G. Erkan et al.pumice stones, cellulases, hypochloride, laccases, and potas-
sium permanganate. These treatments can be applied to whole
or parts of denim garments locally (Sarıısık, 2001).
Cellulase and pumice stone washing has been a traditional
ﬁnishing procedure for denim garments. Various articles were
reported about cellulase and pumice stone applications for
denim fabrics (Gusakov et al., 2000; Patrick and Foody,
2002; Pazarlioglu et al., 2005; Miettinen-Oinonen and Suomi-
nen, 2002; Sariisik, 2004; Klahorst et al., 1994). Cellulase treat-
ments provide lighter blue shades and a softer ﬁnish. When
consumer desires lighter blue shades or ice blue shade, addi-
tional hypochloride bleaching can be done. Moreover hypo-
chloride also can be applied locally.
Potassium permanganate treatment, called as ‘‘moon wash-
ing’’, has been widely used. ‘‘Moon washing’’ effect has been
gained by both spraying the potassium permanganate to the
local area of denim garments and using pumice stones which
have been immersed into potassium permanganate solution
(Sarıısık, 2001).
Going by the fashion, dyeing of denims can also be applied
after cellulase, laccase, pumice stone, hypochloride or perman-
ganate treatments. Thus different fashion effects can be
achieved. Natural dyes have potential in denim dyeing process
because of some superior features that have been mentioned
above.
Mimosa tenuiﬂora extract contains a mixture of condensed
tannins, which are mainly mixtures of ﬂavonoid and nontan-
nins such as carbohydrates, hydrocolloid gums, and small ami-
no and imino acid fractions (Pena et al., 2006). M. tenuiﬂora
tannin is condensed tannin that has a polymeric structure con-
taining on the average four ﬂavanoid units, typiﬁed by Fig. 1.
A-rings of M. tenuiﬂora tannin serve as very reactive nucleo-
philes and B-rings provide antioxidant properties and excellent
sites for complexation with other metals and biopolymers
(Martinez, 2002). M. tenuiﬂora extract bonds cellulose macro-
molecules through metal ion (mordant) by forming coordina-
tive bonding (Fig. 2).
The aim of this study is to understand the effect of
mordants on cotton dyeing using M. tenuiﬂora extract and
to observe the effects of indigo dyed cotton fabrics, which
are in fashion. Two different types of cotton fabrics were used:Figure 1 The ﬂavanoid unit in mimosa tannin. A-ring: R1 = H
for resorcinol and R1 = OH for phloroglucinol; B-ring: R2 = H
for pyrocatechol and R2 = OH for pyrogallol.indigo dyed, white ready to be dyed. Each of the fabrics was
dyed with two different concentrations ofM. tenuiﬂora extract.
Six different metal salt mordants were used. After dyeing and
mordanting of fabrics, colorimetric and fastness values, such
as fastness to light, washing and rubbing, were measured.
2. Experimental
2.1. Materials
Auxiliary chemicals such as hypochlorite, dispersing agent and
pumice stones were obtained from commercial sources. Cop-
per (II) sulphate pentahydrate (CuSO4Æ5H2O), Potassium
dichromate (K2Cr2O7), Iron (II) sulphate heptahydrate
(FeSO4Æ7H2O), Nickel (II) sulphate hexahydrate (NiSO4Æ6-
H2O) and Lead (II) acetate trihydrate (Pb(CH3COO)2Æ3H2O),
were purchased from Sigma, have been used as mordants.
Alum (KAl(SO4)2Æ12H2O) also used as a mordant is however
provided from commercial sources. All mordants, except alum,
were of analytic grade. All chemicals were used without
puriﬁcation.
Commercial powder ofM. tenuiﬂora bark extract was used
without puriﬁcation.
The characteristics of denim fabrics are summarized in Ta-
ble 1. Cotton fabric was supplied as ready to be dyed. Desized
indigo dyed fabric was supplied from commercial source.
2.2. Method
Indigo dyed fabric was washed by ﬁrst dispersing agent for
5 min at room temperature, and then washed by pumice stone
for pumice 45 min at 40 C, then rinsing with pumice stone for
1 min and ﬁnally washing with hypochlorite (1.5 g/l) for 3 min
at 40 C. After hypochlorite washing indigo dyed fabric sur-
faced along with tab water.
Dyeing was started at 50 C in drum type dyeing machine
(Labortex) and after 5 min temperature of dye liquor was
raised to 90 C within 15 min and maintained at that temper-
ature for 1 h. Washing off procedure after dyeing was 5 min.
rinsing at 50 C, two times of 5 min. duration involving cold
rinsing. Three levels of M. tenuiﬂora extract concentrations,
5 g/l, 10 g/l and 20 g/l, were used in the trials. The dyed spec-
imens were dried at room temperature.
Mordanting was started at room temperature and after
10 min temperature was raised to 60 C within 5 min. and
maintained at that temperature for 30 min. After mordanting
Table 1 The characteristics of denim fabrics.
Fabric type Warp Weft Unit weight (g/m2)
Yarn composition Yarn count (N m) Yarn composition Yarn count (N m)
White fabric Co 18 Co 16 321
Indigo dyed fabric Co 14 Co 12 408
Table 2 Colorimetric values of white denim fabrics.
Extract concentration (g/l) Mordant concentration (g/l) Mordant type L* a* b* C* H
5 – – 70.556 4.233 8.947 9.898 64.682
0.25 Cr 68.003 4.675 10.885 11.847 66.757
Pb 69.842 4.041 9.459 10.286 66.869
Fe 59.476 3.045 7.676 8.258 68.362
Cu 66.613 4.747 11.172 12.139 66.977
Ni 68.474 4.544 12.091 12.917 69.404
Al 70.358 3.842 9.078 9.858 67.061
2 Cr 68.197 4.675 11.559 12.469 67.979
Pb 69.247 4.296 10.343 11.2 67.442
Fe 61.912 2.465 7.296 7.702 71.334
Cu 66.291 4.399 12.525 13.275 70.649
Ni 68.842 4.362 11.957 12.727 69.957
Al 70.758 3.771 8.631 9.419 66.398
10 – – 64.152 6.767 10.598 12.574 57.439
0.25 Cr 59.473 7.734 14.806 16.704 62.419
Pb 63.824 6.142 11.597 13.123 62.094
Fe 46.644 3.825 6.673 7.691 60.178
Cu 59.222 7.305 12.769 14.711 60.227
Ni 60.910 7.602 17.232 18.835 66.194
Al 64.805 6.013 10.119 11.771 59.280
2 Cr 60.079 7.629 15.596 17.361 63.933
Pb 59.372 7.501 14.276 16.127 62.280
Fe 46.446 3.495 6.082 7.015 60.113
Cu 55.064 8.948 18.584 20.626 64.288
Ni 59.964 7.711 18.119 19.691 66.947
Al 63.324 6.487 10.732 12.54 58.849
20 – – 63.191 7.111 11.448 13.477 58.152
0.25 Cr 56.110 9.199 16.684 19.020 61.130
Pb 62.613 6.587 11.576 13.319 60.357
Fe 43.905 3.900 6.000 7.156 56.977
Cu 56.980 8.349 13.468 15.846 58.206
Ni 59.204 8.554 18.277 20.179 64.920
Al 63.083 7.055 11.471 13.467 58.407
2 Cr 55.148 9.543 18.104 20.465 62.205
Pb 56.147 9.082 16.535 18.865 61.223
Fe 40.236 3.529 5.136 6.232 55.509
Cu 49.468 11.167 20.265 23.138 61.144
Ni 57.473 8.805 18.985 20.927 65.118
Al 61.066 7.436 12.245 14.326 58.730
Dyeing of white and indigo dyed cotton fabrics with Mimosa tenuiﬂora extract 141a cold rinsing was employed. Mordanting with metal salts was
performed at two concentrations, which were 0.25 g/l and 2 g/
l. Mordanting experiments were performed using by IR dyeing
apparatus. Both dyeing and mordanting treatments were car-
ried out using a liquor ratio of 1:20.
All colour measurements were performed using Minolta
3600D spectrophotometer (D65 illuminant, specular included,
10o observer angle). The spectrophotometer was equipped with
software, which was able to calculate CIEL*a*b*C*h0 and col-
our strength (K/S) values from the reﬂectance values at theappropriate kmax for each dyeing automatically. Colour
strengths of fabrics were determined by using the Kubelka–
Munk formula (Eq. (1)), which is shown below.
K=S ¼ ð1 RÞ2=2R ð1Þ
where K is the scattering coefﬁcient, S is the absorption coef-
ﬁcient, R is the reﬂectance.
The colours are given in CIEL*a*b*C*h0. Coordinates: L*
corresponding to the brightness (100 = white, 0 = black), a*
to the red-green coordinate (+= red, = green) and b* to
Figure 3 Colour catalogue of white denim fabrics.
Figure 4 K/S values of white denim fabrics.
142 G. Erkan et al.the yellow-blue coordinate (+= yellow, = blue), C* to viv-
idness–dullness (100 = vivid, 0 = dull).
Washing fastness was performed according to ISO I05 C06
colour fastness to washing. Samples were cut into 40 · 100 mm
pieces and then were stitched to adjacent multiﬁber DW
(SDC). After that the samples were washed at 40 C for
30 min using ECE non-phosphate detergent (4 g/l) via Linitest
washing apparatus (Atlas). The washed samples were rinsed
with pure water and dried by hanging.
The samples were assessed against the standard gray scale
for colour change (ISO 105 A02) and staining of adjacent mul-
tiﬁber (ISO 105 A03). A rating scale consists of pairs of stan-
dard gray chips, the pairs representing progressive differences
in colour or contrast corresponding to numerical colourfast-
ness grades, the numerical value that is assigned to the change
in colour of a test specimen as compared to an original speci-
men. The rating scale was 1 (poor) to 5 (excellent).
Rubbing fastness was performed according to ISO 105-X12
using Crockmeter/Rubbing Fastness Tester (Atlas). Crocking
cloths were purchased from James H. Heal & Co. Ltd. Ultra-pure water was used for wet rubbing fastness. Staining of croc-
king cloths was evaluating according to gray scale (ISO 105
A03).
Light fastness was performed according to ISO 105 B02
colour fastness to artiﬁcial light. Samples and standard blue
wool fabrics (SDC) were placed in frames. The light fastness
experiments were done using Xenotest Alpha (Atlas) light fast-
ness apparatus. Fading between exposed and unexposed parts
of samples was compared with standard blue wool fabrics. The
rating scale was 1 (poor) to 8 (excellent).3. Results and discussion
3.1. Effects of extract and mordant concentrations on white
cotton fabric
3.1.1. Colorimetric values
The colorimetric values of dyed white denim fabrics are
listed in Table 2. Positive higher values of Lightness (L*)
Table 3 Fastness properties of white denim fabrics.
Extract concentration (g/l) Mordant concentration (g/l) Mordant type Light Washing Rubbing
Colour change Bleeding (Co) Dry Wet
5 – – 2–3 4 5 5 4–5
0.25 Cr 3 5 5 5 5
Pb 2–3 5 5 5 4–5
Fe 3 4–5 5 5 4–5
Cu 3 5 5 5 4–5
Ni 3–4 4–5 5 5 4–5
Al 3 5 5 4–5 4–5
2 Cr 3 5 5 5 4–5
Pb 2–3 5 5 5 5
Fe 3 4–5 5 4–5 4–5
Cu 3–4 5 5 5 5
Ni 3–4 4–5 5 4–5 4–5
Al 3 5 5 5 5
10 – – 3–4 Ya 3–4 4–5 5 4–5
0.25 Cr 3–4 5 5 4–5 4–5
Pb 3 4 4–5 4–5 4–5
Fe 3 Ra 4 4–5 4–5 4
Cu 3 4–5 4–5 5 4–5
Ni 3–4 5 5 4–5 4–5
Al 3 5 5 4–5 4
2 Cr 3 5 5 5 4–5
Pb 3 4–5 5 4–5 4–5
Fe 3–4 R 4 4–5 4–5 4
Cu 4 5 5 5 4–5
Ni 3–4 R 4–5 5 5 4–5
Al 3 5 5 4–5 5
20 – – 4 Y 3–4 4–5 5 4
0.25 Cr 4 5 5 4–5 4–5
Pb 3 4 4–5 4–5 4
Fe 4 R 3–4 4–5 4–5 4
Cu 3–4 4–5 4–5 4–5 4
Ni 3–4 4–5 5 4–5 4–5
Al 3 4–5 4–5 4–5 4
2 Cr 3–4 5 5 5 4–5
Pb 3–4 4 4–5 4–5 4
Fe 4 R 3 4–5 5 4
Cu 5 4–5 4–5 5 4–5
Ni 4 R 4 5 5 4–5
Al 3 5 5 4–5 4–5
a R: reddish, Y: yellowish.
Dyeing of white and indigo dyed cotton fabrics with Mimosa tenuiﬂora extract 143represents brightness of colours. With negative values of L*,
colour gets darker. Higher L* value was observed at mini-
mum concentration of extract and in the case sans mordant.
Indeed it is an expected situation because of low concentra-
tion of extract. However when the effect of mordant type
was examined, highest L* values were obtained mordanting
with Al. L* values of Al mordanted fabrics gave similar re-
sults with non-mordant dyeing. Thus brightest dyeing was
obtained with Al mordant. Vividness (C*) of fabrics in-
creased with mordant by Ni and Cu. Highest C* values were
observed with Ni at low concentration of mordant and Cu
at high concentration of mordant. Highest hue angle ap-
peared in the case of Fe mordant fabrics with 5 g/l concen-
tration of extract and 2 g/l of mordant. Of course yellowness
(b*) and redness (a*), apart from dye molecule, strongly de-
pend on mordant type. Mordant metals can affect colorimet-
ric and spectral properties of colours changing the positionor distribution of conjugate bonds as well as addition of
their unique colours. Metal mordant can form new electro-
static bonds with dye molecules. Thus conjugation of dye
molecule can be changed by sharing electrons. Relatively less
yellow and red colours were obtained mordant with Fe
(Fig. 3). In spite of their natural colours, Ni and Cu gave
relatively high red and yellow colour with M. tenuiﬂora ex-
tract. Highest b* and a* values were obtained in the case of
Cu mordant with 5 g/l concentration of extract and 2 g/l of
mordant.
3.1.2. Colour strength
K/S values are shown in Fig. 4. Higher K/S values indicate
higher dyeing yield and deeper colours. Although K/S values
varied depending on mordant concentration and type, mor-
danting with ferrous salt yielded relatively high K/S values
and also they were independent from concentration of mor-
Figure 5 Colour catalogue of indigo dyed denim fabrics.
Table 4 Colorometric values of indigo dyed denim fabrics (front).
Extract concentration (g/l) Mordant concentration (g/l) Mordant type L* a* b* C* H
5 – – 27.240 0.539 7.189 7.209 265.715
0.25 Cr 28.003 0.759 6.293 6.338 263.123
Pb 27.642 0.749 7.195 7.234 264.054
Fe 24.059 0.476 6.119 6.137 265.553
Cu 25.596 0.571 5.762 5.790 264.344
Ni 25.916 0.819 5.705 5.764 261.829
Al 27.059 0.639 7.241 7.270 264.954
2 Cr 26.410 0.780 6.432 6.479 263.088
Pb 26.614 0.671 6.401 6.436 264.016
Fe 23.159 0.643 5.911 5.946 263.794
Cu 24.995 0.739 5.227 5.279 261.948
Ni 26.311 0.974 5.926 6.005 260.663
Al 25.730 0.494 7.332 7.349 266.148
10 – – 26.010 0.065 6.462 6.462 275.175
0.25 Cr 25.185 0.267 5.224 5.231 267.072
Pb 25.331 0.398 6.820 6.832 266.661
Fe 22.374 0.271 4.758 4.765 266.738
Cu 24.729 0.159 5.063 5.065 268.198
Ni 25.620 0.586 4.293 4.333 262.234
Al 25.251 0.151 7.131 7.132 268.789
2 Cr 24.876 0.246 4.358 4.365 266.764
Pb 25.350 0.417 5.390 5.156 265.362
Fe 22.412 0.357 5.442 5.454 266.247
Cu 23.117 0.036 2.131 2.132 270.959
Ni 24.132 0.535 3.601 3.640 261.544
Al 25.453 0.217 6.702 6.706 268.141
20 – – 25.738 0.077 6.461 6.461 270.685
0.25 Cr 24.730 0.125 3.393 3.396 272.116
Pb 26.126 0.019 5.177 5.177 269.793
Fe 21.697 0.165 4.461 4.464 267.778
Cu 23.007 0.634 2.479 2.558 284.354
Ni 25.097 0.287 5.273 5.281 266.881
Al 26.489 0.126 6.578 6.579 268.901
2 Cr 24.439 0.192 2.816 2.822 266.204
Pb 25.274 0.281 4.751 4.760 266.613
Fe 20.007 0.090 4.295 4.296 268.800
Cu 23.207 0.633 1.282 1.430 296.276
Ni 25.359 0.492 3.835 3.866 262.695
Al 25.665 0.028 6.290 6.290 269.746
144 G. Erkan et al.dant. Concentration of mordant did not affect the colour
strength of dyeings in the case of mordanting with Al and
Cr. However big increases of colour strength values were ob-
served in the case of Cu and Pb mordants.3.1.3. Fastness properties
Fastness properties of white denim fabrics are listed in Table 3.
Besides colour fastness to light strongly depends on the struc-
ture of dye, mordant type also can affect fastness property.
Table 5 Colorometric values of indigo dyed denim fabrics (back).
Extract concentration (g/l) Mordant concentration (g/l) Mordant type L* a* b* C* H
5 – – 47.980 1.323 1.420 1.941 47.02
0.25 Cr 46.147 1.638 2.800 3.244 59.672
Pb 47.993 1.094 2.266 2.517 64.235
Fe 41.099 0.939 1.278 1.586 53.690
Cu 45.265 2.128 4.169 4.681 62.964
Ni 46.095 1.313 3.562 3.796 69.765
Al 46.919 1.305 1.730 2.167 52.966
2 Cr 46.219 1.514 3.426 3.746 66.16
Pb 47.217 1.321 2.705 3.010 63.964
Fe 40.791 0.313 1.713 1.742 79.639
Cu 44.534 1.698 3.579 3.962 64.613
Ni 44.58 1.195 3.561 3.756 71.455
Al 47.291 1.365 1.701 2.181 51.254
10 – – 44.945 2.256 1.131 2.524 26.619
0.25 Cr 43.873 3.131 5.034 5.929 58.118
Pb 46.306 1.950 2.459 3.139 51.591
Fe 33.783 1.826 1.435 2.323 38.157
Cu 40.015 3.830 5.677 6.848 55.995
Ni 43.615 2.535 5.904 6.425 66.767
Al 44.628 2.506 2.492 3.534 44.832
2 Cr 43.352 3.153 5.662 6.481 60.888
Pb 43.056 2.582 4.343 5.052 59.269
Fe 34.040 1.150 1.755 2.099 56.760
Cu 39.932 3.636 6.540 7.483 60.926
Ni 43.566 2.438 6.307 6.761 68.862
Al 44.389 2.876 2.670 3.924 42.875
20 – – 44.949 3.030 3.113 4.344 45.781
0.25 Cr 41.155 4.230 6.498 7.753 56.938
Pb 48.209 8.223 2.898 8.715 340.641
Fe 32.828 1.910 1.789 2.617 43.125
Cu 37.771 5.154 6.942 8.647 53.409
Ni 42.016 3.404 7.637 8.361 65.978
Al 43.456 3.511 3.985 5.311 48.623
2 Cr 40.267 4.128 6.957 8.090 59.321
Pb 42.728 2.008 6.804 7.094 73.558
Fe 30.226 1.338 1.093 1.728 39.246
Cu 37.296 5.540 9.608 11.091 60.031
Ni 41.514 3.527 8.177 8.905 66.671
Al 43.373 3.409 3.727 5.051 47.555
Untreated denim 55.379 1.864 3.995 4.409 249.986
Dyeing of white and indigo dyed cotton fabrics with Mimosa tenuiﬂora extract 145The light fastness values were varying between 2–3 and 5.
Worst light fastness values were obtained at 5 g/l extract
concentration both without mordant and with Pb mordant.
Highest light fastness value was observed at 20 g/l extract con-
centration level with Cu (2 g/l mordant concentration). Good
bleeding behaviours were observed for all trials. Colour
changes of fabrics were varying between 3–4 and 5. Colour
change values of 3–4 with yellowish shade were observed in
the case of 10 and 20 g/l concentration of extract dyeing with-
out mordant. Another shade change in the colour change val-
ues were observed at mordanted with ferrous salt. The shade of
fabrics was more reddish with ferrous salt. This fact may be
attributed to change of Fe salt from ferrous to ferric structure.
Reddish colour change also was observed with regard to
high concentrations of Ni mordant. Good values were evalu-
ated for both dry and wet rubbing fastness, which were varying
between 5 and 4.3.2. Effects of extract and mordant concentrations on indigo
dyed fabric
3.2.1. Colorimetric values
Colorimetric values of indigo dyed fabrics are shown in Table
4 and colour catalogue of dyed fabrics is shown in Fig. 5. It is
well known indigo has a unique blue colour. Thus all b* values
shifted to negative direction of b* axis. Contrary to cotton fab-
rics, more blue shades were observed with Pb and Alum mor-
dants than the others. Mordant with Pb and Alum preserved
the b* values of indigo dyed fabrics. Mordant with Cu had
more yellow shades. Smallest b* values were observed espe-
cially at 10 and 20 g/l extract concentrations. When the values
of a* axis are examined, the fabrics had more green shade than
the cotton fabrics, because of blue colour of indigo. Positive a*
values were observed in the case of higher Cu concentration
with higher concentration of extract. Decreasing of chroma
Figure 6 K/S values of indigo dyed cotton denim fabrics (front).
146 G. Erkan et al.values were obtained as well as increasing of hue angle. It can
be inferred that indigo dyed fabrics had more dull shades than
the other two fabrics. Hue angles conﬁrm that dyed with ex-
tract and mordanted gives more blue-green shades than both
fabrics, which were mentioned above. Of course dyeing of in-
digo dyed fabrics shows dramatic decrease of L* values, which
causes darker shades.
The back side of indigo dyed fabrics showed different
colorimetric properties than front side of indigo dyed fabrics
(Table 5). Red-yellow shades were observed, which were con-
ﬁrmed by hue angles. Lowest chroma values were measured,
which indicate more dull shades. However one exception,
which is mordanted at highest concentration of Cu with high-
est extract concentration, reached chroma values of cotton
fabrics.Figure 7 K/S values of indigo dy3.2.2. Colour strength
K/S values of both back and front side of indigo dyed fabrics
are shown in Figs. 6 and 7 respectively. HighestK/S values were
measured in the case of Fe mordanted fabrics for both back and
front side of indigo dyed fabrics. For all fabrics, highest K/S
values were gained from front side of indigo dyed fabrics, which
was caused by indigo dye. K/S values of back side of indigo
dyed fabrics were observed higher than the cotton fabrics.
3.2.3. Fastness properties
Table 6 shows fastness properties of indigo dyed fabrics. Light
fastness of fabrics varying between 3 and 5. Indigo has a good
light fastness (Campbell et al., 1964). Moderate light fastness
of fabrics can be due to M. tenuiﬂora extract. Highest light
fastness value was observed at 20 g/l extract concentrationed cotton denim fabrics (back).
Table 6 Fastness properties of indigo dyed denim fabrics.
Extract concentration (g/l) Mordant concentration (g/l) Mordant type Light Washing Rubbing
Colour change Bleeding (Co) Dry Wet
5 – – 4 5 4–5 4–5 3–4
0.25 Cr 3–4 4–5 4–5 4–5 2
Pb 3–4 5 4–5 4–5 2–3
Fe 3–4 5 5 3–4 1
Cu 4 5 4–5 4–5 2–3
Ni 3 5 5 4 2
Al 3 5 4–5 4 1–2
2 Cr 3–4 4–5 4–5 4 2
Pb 3 4–5 4–5 3–4 1–2
Fe 4 5 5 4 1–2
Cu 4 5 4–5 4 1–2
Ni 3 5 4–5 4 2–3
Al 3 5 4–5 3–4 2–3
10 – – 3 5 4–5 4 3
0.25 Cr 3–4 4–5 4–5 4 2
Pb 3–4 4–5 4–5 4 2
Fe 3–4 5 4–5 4 1
Cu 4 4–5 4–5 4 1–2
Ni 3 5 4–5 3–4 1–2
Al 3 5 4 4 1–2
2 Cr 3–4 4–5 4–5 4 1–2
Pb 3–4 4–5 4 3–4 1–2
Fe 3 4–5 4–5 3–4 1–2
Cu 4–5 5 4–5 4–5 1–2
Ni 4 5 4–5 3–4 2–3
Al 3–4 5 4–5 3 2–3
20 – – 4 4–5 4 4 2–3
0.25 Cr 4 4–5 4–5 4–5 2
Pb 3–4 4–5 4–5 3 1
Fe 4 4–5 4–5 3–4 1
Cu 4 5 4–5 3–4 1
Ni 4 5 4–5 3–4 2
Al 3–4 5 4–5 3 2–3
2 Cr 4 4–5 4–5 3–4 1–2
Pb 4 4 4 4–5 1
Fe 4 4–5 4 3–4 1
Cu 5 5 4–5 4–5 1
Ni 4 5 4–5 3–4 2
Al 3–4 5 4–5 3 2–3
Dyeing of white and indigo dyed cotton fabrics with Mimosa tenuiﬂora extract 147level with Cu (2 g/l mordant concentration). Washing fastness
values were observed nearly same with values of cotton fabrics.
Contrary to cotton fabrics, sharp decreases were observed in
both dry and wet rubbing fastness due to rubbing fastness of
indigo.
4. Conclusion
Novel methods have been developed by mills and researchers
due to competition in the denim industry. Thus dyeing proper-
ties of natural dye, M. tenuiﬂora extract, with different mor-
dants were investigated. Various colour effects were obtained
with different mordants. Highest colour strength values were
obtained at indigo dyed fabrics due to indigo. Highest L* val-
ues were observed in the case of both Al and Pb mordanted
fabrics. Vividness values increased with Ni mordant. Moderate
light fastness values were observed. Although indigo has good
light fastness values, light fastness was observed at moderate
levels owing toM. tenuiﬂora extract. Poor wet and dry rubbingfastnesses were obtained in indigo dyed fabrics due to low rub-
bing fastness of indigo.
Natural dyes have been getting more important due to their
advantages that are aforementioned. Our further work will be
focussed on the use of various natural dyes in the production
of denim goods.
References
Bechtold, T., Turcanu, A., Ganglberger, E., Geissler, S., 2003. Dyes in
modern textile dye-houses – how to combine experiences of two
centuries to meet demands of the future? J Clean. Prod. 11, 499–
509.
Bechtold, T., Mahmud-Ali, A., Mussak, R., 2007a. Natural dyes for
textile dyeing – comparison of methods to assess quality of
Canadian Golden Rod plant material. Dyes Pigm. 75, 287–293.
Bechtold, T., Mahmud-Ali, A., Mussak, R.A.M., 2007b. Reuse of ash-
tree (fraxinus excelsior L.) bark as natural dyes for textile dyeing –
process conditions and process stability. Color. Technol. 123,
271–279.
148 G. Erkan et al.Campbell, B., Inkumsah, S.E., Tandoh, W.C., 1964. The fastness of
indigo and topped indigo dyeings on wool cloth. J. Soc. Dyers
Colour 80, 583–587.
Chairat, M., Bremner, J.B., Chantrapromma, K., 2007. Dyeing of
cotton and silk yarn with the extracted dye from the fruit hulls
of mangosteen. Garcinia mangostana Linn. Fiber. Polym. 8,
613–619.
Gusakov, A.V., Sinitsyn, A.P., Berlin, A.G., Markov, A.V., Ankudim-
ova, N.V., 2000. Surface hydrophobic amino acid residues in
cellulase molecules as a structural factor responsible for their high
denim-washing performance. Enzyme Microb. Technol. 27, 664–671.
ISO 105 B02 Textiles – Tests for colour fastness – Part B02: Colour
fastness to artiﬁcial light: Xenon arc fading lamp test.
ISO 105 C06 Textiles – Tests for colour fastness – Part C06: Colour
fastness to domestic and commercial laundering.
ISO 105 X12 Textiles – Tests for colour fastness – Part X12: Colour
fastness to rubbing.
Ke, G., Yu, W., Xu, W., 2006. Color evaluation of wool fabric dyed
with Rhizoma coptidis extract. J. Appl. Polym. Sci. 101, 3376–3380.
Klahorst, S., Kumar, A., Mullins, M.M., 1994. Optimising the use of
cellulase enzyme. Text. Chem. Color 26, 13–18.
Lee, Y.H., 2007. Dyeing, fastness, and deodorizing properties of
cotton, silk, and wool fabrics dyed with coffee sludge (Coffea
arabica L.) extract. J. Appl. Polym. Sci. 103, 251–257.
Martinez, S., 2002. Inhibitory mechanism of mimosa tannin using
molecular modeling and substitutional adsorption isotherms.
Mater. Chem. Phys. 77, 97–102.Miettinen-Oinonen, A., Suominen, P., 2002. Enhanced production of
trichoderma reesei endoglucanases and use of the new cellulase
preparations in producing the stonewashed effect on denim fabric.
Appl. Environ. Microb. 68, 3956–3964.
Patrick, L.A., Foody, P.J., 2002. New method to evaluate strength
effects on denim garments. AATCC Rev. 2, 38–41.
Pazarlioglu, N.K., Sariisik, M., Telefoncu, A., 2005. Treating denim
fabrics with immobilized commercial cellulases. Process Biochem.
40, 767–771.
Pena, C., Larranaga, M., Gabilondo, N., Tejado, A., Echeverria, J.M.,
Mondragon, I., 2006. Synthesis and characterization of phenolic
novolacs modiﬁed by chestnut and mimosa tannin extracts. J.
Appl. Polym. Sci. 100, 4412–4419.
Sarıısık, M., 2001. Tekstil Terbiye _Islemlerinde Enzimler; Dokuz Eylu¨l
U¨niversitesi Mu¨hendislik Faku¨ltesi Yayınları, _Izmir.
Sariisik, M., 2004. Use of cellulases and their effects on denim fabric
properties. AATCC Rev. 4, 24–29.
Shanker, R., Vankar, P.S., 2007. Dyeing cotton, wool and silk with
Hibiscus mutabilis (Gulzuba). Dyes Pigments 74, 464–469.
Teli, M.D., Paul, R., Pardeshi, P.D., 2000. Natural dyes: classiﬁcation,
chemistry and extraction methods. Colourage 12, 43–48.
Vankar, P.S., Shanker, R., Verma, A., 2007. Enzymatic natural dyeing
of cotton and silk fabrics without metal mordants. J. Clean. Prod.
15, 1441–1450.
Vankar, P.S., Shanker, R., Mahanta, D., Tiwari, S.C., 2008. Eco-
friendly sonicator dyeing of cotton with Rubia cordifolia Linn.
using biomordant. Dyes Pigments 76, 207–212.
